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Many kinds of crown ether-type macrocyclic compounds have been used for analytical applications, such as chemical sensors 1 and spectrophotometries. 2 In fluorometry applications, fluorescent reagents, which have two aromatic hydrocarbons at both terminals of a linear polyether as an analogue of a crown ether, have also been used. 3 In 1996, 1998 and 1999, we synthesized naphthalene derivatives as fluorescent sensors for metal ions by intramolecular excimer or exciplex. [4] [5] [6] When alkali metal salts were added to an acetonitrile solution of 1-(1-naphthalenecarboxy)-n-( p-cyanobenzenecarboxy)oxaalkanes (1NPnCN, n =1 -6), the shape and intensity of the fluorescence spectra did not change, but when alkaline earth metal salts were added, the spectra of 1NPnCN (n=5,6) changed along with the addition of calcium and barium salts. In the present study, we synthesized 1-(2-naphthalenecarboxy)-n-( p-cyanobenzenecarboxy)oxaalkanes (2NPnCN, n=4 -6) and 1-(1-naphthalenecarboxy)-n-(m-cyanobenzenecarboxy)-oxaalkanes (1NPnCNm, n=4 -6), and investigated the influence of the position of substituted naphthalene (α-position or β-position) and of the cyano group (para or meta) for metal-ion recognition. We now wish to report on the preliminary results of our study concerning metal-ion recognition by 2NPnCN and 1NPnCNm. The structural formulas are shown in Fig. 1 .
2NPnCN (n=4 -6) and 1NPnCNm (n=4 -6) were prepared by the same methods as those of 1-(1-naphthalenecarboxy)-n-( p-cyanobenzenecarboxy)oxaalkanes (1NPnCN, n=1 -6). 5 Measurements of the fluorescence spectra were carried out in an acetonitrile solution of the 2NPnCN and 1NPnCNm (1.0×10 -5 mol dm -3 ) at room temperature, and alkali or alkaline earth metal salts (LiSCN, NaSCN, KSCN, Ca(SCN) 2 ) 2 , Ba(SCN 2 ) 2 and Ba(ClO 4 ) 2 ) were added to the solution. To prevent any nonlinearity of the fluorescence intensity, the isosbestic points (295 nm) of the absorption spectra of 2NPnCN and 1NPnCNm were chosen as the excitation wavelengths. The absorption and excitation spectra of 2NPnCN and 1NPnCNm are essentially identical. Ground-state intramolecular interactions, such as charge transfer (CT), were excluded by the absence of a new band at a longer wavelength for 2NPnCN and 1NPnCNm.
The fluorescence quantum yields (Φ) in acetonitrile obtained relative to naphthalene are reported in Table 1 , in which Φ total is the quantum yield for total emission, Φ LE is that of a locally excited emission and Φ EX is that of the exciplex emission. 2NPnCN showed the most efficient quenching, and exciplex emission was observed to be the same as that in 1NPnCN. It is known that electron transfer and exciplex formation are possible for a system with a negative value of the free energy of electron transfer (∆G ET ), given by the Rehm-Weller equation. 7 In ref. 5 , in order to evaluate the free energy of electrons, the oxidation potential of naphthalene and the reduction potentials of methyl pcyanobenzoate were investigated. The combination of naphthalene (D=electron donor) with p-cyanobenzoate (A=electron acceptor) gives negative a ∆G ET , indicating that both exciplex formation and electron transfer are possible for these systems. 8 On the other hand, the Φ LE values of 1NPnCNm were equal to that of naphthalene (Φ naph 0.2), and exciplex emission was not observed. The combination of naphthalene (D) with m-cyanobenzoate (A) would give a near-zero or positive ∆G ET , because of the low reduction potential of m-cyanobenzoate.
We investigated the complexing ability of 2NPnCN and 1NPnCNm with Li + , Na + , K + , Ca 2+ and Ba 2+ in order to compare them with that of 1NPnCN. When lithium, sodium and potassium salts were added to an acetonitrile solution of 2NPnCN (n=4 -6) and 1NPnCNm (n=4 -6), the shape and intensity of the fluorescence spectra were not changed. When calcium and barium salts were added to an acetonitrile solution of 2NP4CN and 1NP4CNm, the shape and intensity of the fluorescence spectra were slightly changed. However, the spectra of 2NPnCN (n=5,6) and 1NPnCNm (n=5,6) greatly changed with the addition of calcium and barium salts. For example, the fluorescence spectra of 2NP6CN and 1NP5CNm in the presence of several concentrations of Ba(ClO 4 ) 2 are shown in Fig. 2 . These new longer wavelength emissions are due to excited-state complex formation, i.e., intramolecular exciplex formation. The ratio (I f,max -I f,min )/I f,max is larger in the case of 2NPnCN and 1NPnCNm than for 1NPnCN (Fig. 3) . There is a relation between exciplex emission and the overlapping of two chromophres. For the overlapping of two chromophores, 2NPnCN (n=5,6) and 1NPnCNm (n=5,6), would be better than 1NPnCN (n=5,6). These results suggests that 2NPnCN and 1NPnCNm are excellent fluorescent chemosensor for Ca 2+ and Ba 2+ , better than 1NPnCN.
We have reported here the preliminary results of our studies concerning the metal-ion recognition of naphthalene derivatives, i.e., 2NPnCN, 1NPnCNm and 1NPnCN. Further studies are now in progress. 
